Objective. To determine whether growth in the number of pharmacy graduates and newly accredited schools from 2000 to 2009 were larger in states with fewer pharmacists per population age $ 65 years. Methods. States were aggregated into quartiles based on rank-ordered ratios of in-state pharmacists per 100,000 population aged $ 65 years. Quartiles were then compared with respect to the number of new graduates.
INTRODUCTION
The beginning of this century marked a period of substantial and persistent demand-driven shortages in the labor market for pharmacists 1, 2 as well as unprecedented growth in the number of colleges and schools of pharmacy. Although the current recession in the United States has impacted employment in almost all sectors of the economy, there are demographic trends in the US population that suggest strong demand for pharmacist services in the future, including policies favoring payment for pharmaceutical care and new drug development. Thus, the future balance of pharmacist supply and demand is uncertain.
The number of new graduates from US colleges and schools of pharmacy is an important determinant of the supply of pharmacists in the United States. Changes in pharmacy graduate rates across states should be monitored regularly because the supply of pharmacists from state to state varies and policies affecting pharmacist practice and education activities are made at the state level. [4] [5] [6] [7] While changes in the number of graduates have been documented in the literature, most notably with respect to revisions in the most widely cited supply forecasting model for US pharmacists, 3 there has not been a specific examination of state-level counts of pharmacy graduates since 2000. 4 Although some growth in the pharmacist workforce may be attributable to foreign graduates, previously practicing pharmacists reentering the profession, and, on a state level, pharmacist migration between states, new graduates account for the vast majority of new pharmacists joining the US workforce each year. Without an adequate number of new pharmacist graduates entering the workforce to balance the number leaving because of retirement and death, the size of the pharmacist workforce would decline over time. Thus, the number of graduates provides an estimate of the potential of the pharmacist workforce to respond to populationbased changes in demand. However, an examination of graduate counts alone is limited because it does not provide information about where graduates find their first employment, differences in workforce by gender, and the adequacy of graduate rates to meet current or future demand. 8 As such, pharmacist graduate numbers should be considered only one data element in a broader analysis of pharmacist workforce planning.
Size of the pharmacist workforce is another fundamental data element of a broad analysis. As population is a key factor influencing pharmacist demand, size of the workforce can be assessed at a basic level as a ratio of pharmacists to population. Demand for pharmacists is derived from the demand for goods and services pharmacists produce, such as dispensed prescription drugs and information related to the proper use of prescription and nonprescription drugs. Because older individuals are greater consumers of these goods and services than any other age group, 9 ,10 the population 65 years and older may be the most appropriate segment to consider in an examination of the pharmacist workforce. 9, 10 Hence, ratios of pharmacist to population age 65 years and over that are relatively small can serve as a proxy for a lower supply of pharmacists relative to demand. A low pharmacist-toolder population ratio also may indicate relatively low access to care or a low level of supply relative to an underlying need for services.
One previous study examined trends in pharmacy graduate rates and compared number of graduates to overall population at the state, census division, and census region levels. 4 The authors are not aware of a study that has examined trends in the numbers of pharmacy graduates and compared them to pharmacist-to-population ratios at the state level to determine state response to a relatively low supply of pharmacists.
The primary objective of this study was to determine whether growth in the number of pharmacy school graduates between 2000 and 2009 was larger in states with lower counts of pharmacists relative to the population over age 65 years in 2000. The second objective was to examine whether growth in the number of newly accredited colleges and schools of pharmacy that had not produced graduates by 2009 was larger in states with lower counts of pharmacists relative to the population over age 65 years in 2009.
METHODS

Data Sources
Data on graduates from each US college and school of pharmacy were obtained from the American Association of Colleges of Pharmacy (AACP) for each year from 1990-2009. 11 The AACP collects these data from annual surveys of each college and school of pharmacy for a 100% response rate. This study included only graduates with the first professional degree, excluding those who completed a PharmD after previously obtaining a bachelor's degree in pharmacy. By examining graduates per year from each college or school, the number of colleges and schools of pharmacy producing any graduates in each year from 2000 to 2009 was determined. Colleges and schools of pharmacy were classified as public or private based on AACP information and the authors' knowledge of the schools. Colleges and schools of pharmacy that had received Accreditation Council for Pharmacy Education (ACPE) candidate accreditation status but had no graduates in 2009 were identified. Accreditation status was obtained from ACPE, and graduate numbers were obtained from the AACP's annual listings of graduates from individual pharmacy colleges and schools. 12 Data on total first professional degree enrollment (ie, total enrollment, or number of students enrolled in each year of the first professional degree curriculum) in US colleges and schools of pharmacy were obtained from AACP for 2009. Total enrollment data were obtained for colleges and schools of pharmacy that had produced graduates in 2009 and for institutions that had candidate accreditation status but no graduates in 2009. Each annual edition contains a table listing the number of licensed pharmacists with in-state addresses for each state and the District of Columbia for the preceding year. The data are compiled by the National Association of Boards of Pharmacy (NABP) based on data provided by each state's pharmacist licensing board. In-state addresses are required to avoid the issue of pharmacists being licensed in multiple states. Similar data have been used in a previous report examining patient access to pharmacists. 17 
Data Analysis
Changes in the number of graduates were examined at the state level by aggregating school-level data to the state level. The pharmacy school located in the District of Columbia, which was considered a state for the purposes of this study, was included, but the institution in Puerto Rico was excluded. For each state for 2000 and 2009, the number of graduates per 100,000 population aged 65 years and older (graduates per population $ 65 years) and cumulative number of graduates were determined.
Ratios of pharmacist per population $ age 65 years were determined for each state for 2000 and 2009, and states were placed into quartiles based on the ratios for Table 1 also provides a summary of study variables for each quartile of states based on the pharmacists per population $ age 65 in 2000. Quartile 1 represents states that had the lowest number of pharmacists per population $ age 65 in 2000, and states in quartile 4 had the highest number of pharmacists in the same population. Five of the 6 states without colleges and schools of pharmacy between 2000 and 2009 were in quartile 1, suggesting the importance of an in-state pharmacy school to the ratio of pharmacists to population $ age 65.
Several variables in Table 1 
DISCUSSION
Between 2000 and 2009, the cumulative number of graduates from US colleges and schools of pharmacy was about 12,000 (16.2%) higher than the previous 10-year period. In contrast to the 1990s, growth in the number of graduates between 2000 and 2009 was highly linear. The linear nature of growth is attributable to expansion in both the number of colleges and schools of pharmacy in the United States and growth in class size among institutions that existed in 1990. Based on available information regarding the number of accredited programs and enrollment figures, the number of pharmacy graduates is estimated to grow at the current or a higher rate over the next few years. However, sustaining this growth rate may be challenged by pharmacy colleges and schools' ability to provide adequate numbers of qualified faculty members and preceptors and whether the supply of graduates exceeds ongoing demand. 18 In contrast to previous research, one of the current study's objectives was to associate growth in the number of pharmacy graduates with level of pharmacist supply by examining changes in the number of graduates relative to the ratio of pharmacists per population $ age 65. An underlying assumption in our analysis is that this ratio serves as a crude proxy for supply relative to demand, access to, and/or need for pharmacists. Our results suggest that, based on the proxy, several measures of change in the number of pharmacy graduates between 2000 and 2009 were consistent with respect to the levels of demand for pharmacists across states in 2000. Expansion of existing colleges and schools of pharmacy and the establishment of new, mostly private colleges and schools of pharmacy that produced pharmacy graduates between 2000 and 2009 helped meet the demand for pharmacists in states that appeared to have the greatest need for them. Unfortunately, the graduate growth rate in states with the greatest demand for pharmacists did not translate to relative growth in the number of pharmacists per population $ age 65 years. Eight states with the lowest ratios of pharmacists in this population in 2000 were still among the lowest in 2009. Given that only 6 of the 21 newly accredited pharmacy schools are located in these states, future research should continue to monitor the pharmacist workforce in states with the greatest need to assess changes in the ratio of pharmacists to population $ age 65 years. This study's approach to and results of analyzing trends in pharmacy school graduates provide useful insights into future pharmacy workforce planning. As of 2009, 6 of the 10 states expected to have the greatest increase in population $ age 65 years by 2030 (Florida, California, Texas, Arizona, New York, North Carolina, Georgia, Virginia, Pennsylvania, and Illinois) appear to have the greatest need for pharmacists. That is, these states had ratios of pharmacists per population $ age 65 in the lower half of the distribution across all states, 4 of which were in the lowest quartile. It will be important to evaluate whether and how these states will be able to expand their supply of pharmacists to meet the growing need, especially in the population $ 65 years of age. One approach is to increase the number of graduates produced by the states' colleges and schools of pharmacy. This goal may be most easily accomplished in the 3 states with new colleges and schools of pharmacy that recently obtained candidate accreditation status. Another approach is to recruit graduates from states with relatively high ratios of pharmacist per population $ age 65. This could be a difficult task, however, as past research has shown that a strong majority of pharmacy students attend school in state. 4 Several factors may affect whether, when, and how much pharmacy school class sizes should be increased, including: the steady growth in the number of graduates between 2000 and 2009, the growth expected to continue beyond 2009 because of expansion in the number of colleges and schools of pharmacy, the location of some newly accredited colleges and schools, and the recent economic recession. In the short term, new graduates are likely to face a tougher job market than graduates had prior to the recession. College and schools located in states with relatively high ratios of pharmacists per population $ age 65 could encourage students to consider employment opportunities in states with the lowest ratios of pharmacists for this population. College and schools located in states with relatively high ratios of pharmacists per population $ age 65 years could also recruit students from states with a greater demand for pharmacists in hopes that they would return to their home states to find employment. It will be important to monitor how colleges and schools react to changes in the pharmacy marketplace over time.
Although the current recession complicates shortterm planning, the long-term demand for pharmacy services will likely continue to grow as the population ages. As such, there is a need to develop effective strategies for long-term pharmacist workforce planning. One possibility is establishing a benchmark for the ratio of pharmacists per population $ age 65 that reflects desired goals for market equilibrium and quality of care. This benchmark could then be used by schools or states to help calculate the need for pharmacists in a given area. Data on pharmacist retirement and state-to-state migration also should be assessed and used in combination with graduate rates to plan for the expansion or contraction of the local, regional, or national pharmacist workforce. Demographic factors such as population growth and morbidity that affect pharmacist demand also can be assessed and used in combination with pharmacist data to better identify workforce needs. Data that can be used for long-term planning are available from each state. School administrators and pharmacy workforce planners and researchers should expand on the approach used in the current study to provide new information about and useful insights on how to improve the pharmacist workforce.
This study had some limitations. The AACP and Census Bureau data are the best available measures of state graduate rates and population, but they do not provide some data that would be useful in analyses such as those in the current study; both data sources have been revised in the past and may be revised in the future per internal review. The AACP data are based on graduates receiving their first degree and, as such, do not capture those getting additional degrees in this time period, although this may not be significant because there were relatively few in each year of the current study. Another possible limitation is that the current results are based on where students graduated, not where they first practiced, as the latter information was not available.
We used the population of people age 65 years and older as a general indicator of demand for pharmaceuticals and pharmacy-related services, and/or the need for pharmacists. An important limitation is that the population over 65 years may be healthier in certain states and thereby demand and/or require fewer services. Measurement could be improved with better data regarding the disease and comorbidity prevalence in the local population. Furthermore, relatively low ratio values may be attributable to the availability of similar or substitutable services from other sources, and pharmacist productivity may differ across states because of technological or other structural differences. More detailed data are required for a more comprehensive assessment.
It is difficult to find data representing state-level counts of pharmacists across time. The current study used data about the number of licensed pharmacists provided by each state to the NABP. Most states provide updated data to NABP annually, but unchanged pharmacist population data over several consecutive years in some states suggests that the available data were not current. According to the NABP data used in this study, there were 282,736 unduplicated licensed pharmacists in the United States in 2009. Another study estimated the total number of pharmacists to be 246,200 in 2009. 19 Whether there are corresponding differences in state-level pharmacist workforce numbers is unknown. One reason for the difference could be that the NABP numbers represent all licensed pharmacists and do not account for pharmacists who are temporarily out of the workforce or are retired but keeping their licenses for possible reentry into the workforce. An additional limitation is that only in-state licensed pharmacists were counted (ie, pharmacists whose residence and license were in the same state) as it is possible for pharmacists to be licensed in their state of residence but also licensed in and employed in other states.
Another data element not included in this study was the number of pharmacists who leave the workforce annually within each state. This number would have been useful because the pharmacist population in a given state typically grows only if the number of new graduates exceeds losses from the workforce. The current study's results show that between 2000 and 2009 the national pharmacist workforce expanded by 45,678 pharmacists with 85,432 graduates. The current study estimated a national annual loss rate of 1.6% of the total pharmacist population. Whether this rate is the same for each state is unknown and likely depends on numerous factors, including the demographic characteristics of pharmacists.
